Implicit alcohol-related cognitions develop during adolescence and are thought to play an important role in the etiology of adolescent alcohol use. Rooted in reciprocal determinism, a developmental theory of alcoholrelated cognitions, the current study sought to enhance our understanding of the development of automatic alcohol associations and their relationship with alcohol use. To provide a theoretically aligned test of reciprocal determinism, we used latent change score models to examine whether growth in automatic alcohol associations and alcohol use was related to each other (between-person effects) and whether each construct led to changes in the other over time (within-person effects). Adolescents (N ϭ 378) completed 4 annual assessments, spanning early to middle adolescence. Automatic alcohol associations were assessed with a Single Category Implicit Association Test, and we used a quadruple processing tree model to extract a more "process pure" index of these associations. Alcohol use increased from early to middle adolescence, as negative automatic alcohol associations weakened over that same time period. Although there was no support for between-person associations, on the within-person level, weak negative automatic alcohol associations at Waves 2 and 3 were associated with increases in drinking at subsequent waves. Alcohol use did not significantly predict changes in automatic alcohol associations. Findings suggest the utility of distinguishing within-and between-person associations to understand the development of automatic alcohol associations and that automatic alcohol associations are prospectively associated with alcohol use and a potential target for intervention, one that becomes an increasingly salient influence on drinking as adolescence progresses.
ciations weaken during adolescence . Evidence also suggests that self-regulatory processes, which regulate impulsive behaviors, develop slowly over adolescence (Shulman et al., 2016) . This gap between quickly developing impulsive processes (such as weakening of negative automatic alcohol associations) and not fully developed self-regulatory processes is thought to render adolescents especially susceptible to the influence of automatic alcohol associations (Krank & Goldstein, 2006) . This suggests that the strength of negative automatic alcohol associations play an important role in adolescent substance use behaviors, including the initiation and escalation of alcohol use (Peeters et al., 2013; Sherman, Chassin, Presson, Seo, & Macy, 2009 ). Because of their relevance to etiology, advancing our understanding of automatic alcohol associations, their development, and contributions to drinking in adolescence is important, as such an understanding can inform prevention and intervention efforts. This is the goal of the current study.
Reciprocal Processes: Alcohol Use as a Predictor of Automatic Alcohol Associations
Like explicit alcohol cognitions (Wardell & Read, 2013) , implicit alcohol associations are posited to both shape and be shaped by alcohol use across adolescence (Stacy & Wiers, 2010; van der Vorst et al., 2013) . This conceptualization is based on reciprocal determinism (Bandura, 1978) , a core tenet of Social Learning Theory, which asserts that cognitions and behavior influence one another through a dynamic learning process. Dual process models also hypothesize bidirectional associations (Stacy & Wiers, 2010) .
These reciprocal learning processes may be especially important in adolescence, a developmental period when drinking is initiated and escalates (Colder, Campbell, Ruel, Richardson, & Flay, 2002) . During this period, alcohol use becomes increasingly normative, drinking opportunities become more ubiquitous, drinkers come to be viewed as popular and gregarious, and the socially rewarding aspects of alcohol, such as increased social status, become more salient (Allen, Porter, McFarland, Marsh, & McElhaney, 2005; Balsa, Homer, French, & Norton, 2011; Mayeux, Sandstrom, & Cillessen, 2008) . Together, these changes in the landscape of adolescent drinking can lead to more learning opportunities about the positive aspects of alcohol (e.g., increased social status, positive alcohol effects, peer acceptance) simultaneously weakening negative automatic alcohol associations.
To date, only two studies with adolescent samples have explored reciprocal associations between alcohol use and automatic alcohol associations (Janssen, Larsen, Vollebergh, & Wiers, 2015; Peeters et al., 2013) . Peeters et al. (2013) found that automatic alcohol associations prospectively predicted alcohol use for adolescents with weak inhibition but was unrelated to alcohol use for adolescents with relatively strong inhibition. However, alcohol use did not prospectively predict automatic alcohol associations, regardless of levels of inhibition. Janssen, Larsen, Vollebergh, and Wiers (2015) examined reciprocal effects between alcohol approach and attentional bias and alcohol use. Results indicated that attentional bias measured with the visual probe task, presumed to reflect automatic processing of alcohol-related information (MacLeod, Mathews, & Tata, 1986) , was unrelated to initiation of alcohol use but was a robust prospective predictor of quantity of alcohol use 2-years later. However, alcohol use was not significantly prospectively associated with alcohol approach bias or attentional alcohol bias. These mixed findings regarding reciprocal associations reflect the broader literature that has been inconclusive about the relationship between implicit alcohol associations and alcohol use. Some studies find a significant relationship (Belles, Budde, Moesgen, & Klein, 2011; Field et al., 2007; Lindgren et al., 2016; Ostafin & Palfai, 2006; Palfai & Ostafin, 2003; Peeters et al., 2013) , and a number of other studies find no association (Pieters, Burk, Van der Vorst, Engels, & Wiers, 2014; Thush et al., , 2008 . The current study addresses two key limitations of prior work that might account for the mixed findings and might clarify reciprocal associations between automatic alcohol associations and alcohol use.
First, implicit alcohol associations are typically assessed using laboratory based computerized tasks. Performance on these tasks is influenced by a variety of processes, only one of which is implicit alcohol associations. In this study, we used a Quad Model to extract a measure of implicit alcohol associations thought to be a more "process pure" index of automatic alcohol associations than is typically used in the literature (Conrey, Sherman, Gawronski, Hugenberg, & Groom, 2005) .
Second, prior research on implicit alcohol associations and alcohol use in both adolescent and young adult samples has examined between-person associations, including those that have assessed reciprocal associations (Janssen et al., 2015; Peeters et al., 2013) . This is problematic for both conceptual and statistical reasons. Conceptually, between-person effects provide information regarding the relationship only across groups of individuals. Reciprocal determinism and dual process models are arguably theories of within-person change; when an individual drinks more than is typical for him/her this is expected lead to subsequent changes in the strength of his or her automatic alcohol associations, and vice versa. Statistically, examination of within-person associations is complicated by the fact that growth in automatic alcohol associations and alcohol use is expected during adolescence (Colder et al., 2002 . Recent work suggests that failure to account for underlying growth processes when examining reciprocal effects can bias parameter estimates (Curran, Howard, Bainter, Lane, & McGinley, 2014) , resulting in faulty conclusions about reciprocal associations. Hence, it is critical to account for growth in alcohol use and automatic alcohol associations when testing reciprocal associations in adolescence, and this is something that has not yet been done in the literature. In the current study, we used bivariate latent change score (LCS) analyses, which allowed for a theoretically and statistically more rigorous test of reciprocal determinism.
The Current Study
Using four waves of data spanning early to middle adolescence, the current study examined reciprocal associations between automatic alcohol associations and alcohol use. Further, the current study used bivariate LCS analyses to address existing gaps in the literature, by examining reciprocal effects to help provide clarity to the inconclusive literature relating automatic alcohol associations to adolescent alcohol use and alcohol use to automatic alcohol associations. Relative to cross-lagged panel models and bivariate growth curves, bivariate LCS analyses are a useful tool for modeling dynamic associations between two variables because they This document is copyrighted by the American Psychological Association or one of its allied publishers.
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allow for an examination of both between-and within-person changes in two variables and their interrelationships over time (Grimm, An, McArdle, Zonderman, & Resnick, 2012; McArdle, 2009) . Specifically, this allowed us to assess whether (a) changes in alcohol use are influenced by prior levels of automatic alcohol associations (within-person associations); (b) changes in automatic alcohol associations are influenced by prior levels of alcohol use (within-subjects person); and (c) whether growth in the changes of alcohol use and implicit automatic alcohol associations from early to middle adolescence are related over time (between-person associations).
Method Participants
The community sample (N ϭ 378) was recruited for a longitudinal study of adolescent attitudes about alcohol and drug use. Recruitment began in April 2007 and was completed in February 2009. Inclusion criteria were a child between the ages of 10-to 12-years-old, a caregiver willing to participate, and no physical or mental disabilities that would preclude completion of the assessment. The sample was evenly split on gender (52% female at Wave 1). The majority of the sample was White/non-Hispanic (76%), 15% were Black/African American, 3% Hispanic/Latino, 2% Asian/Pacific Islander, and 4% reported "other" (largely mixed race/ethnicity). The median family income was $60,000. Mean ages from Wave (W) 1 to W4 were 11.58 (SD ϭ .88), 12.63 (SD ϭ .89), 13.65 (SD ϭ .90), 14.9 (SD ϭ .90), respectively. More details on recruitment and sample description can be found in LopezVergara et al. (2012) and O'Connor, Lopez-Vergara, and Colder (2012) .
Across W1-W4, retention was strong (93% W2; 94% W3; 91% W4). Comparison of missing cases with those present at all assessments suggested no differences in demographic (gender, age, race/ethnicity, family income) or current study variables (all ps Ͼ .05). The low rates of missing data and lack of differences suggest that missing data had minimal impact on our findings. Moreover, our data analytic strategy utilized full-information maximum likelihood (FIML) estimation that allowed us to include all possible cases for analysis.
Procedure
W1 through W3 assessments were completed in the laboratory. After consent (caregiver) and assent (adolescent), the adolescent and caregiver completed the assessment in separate rooms. All measures were administered on a computer and assessments typically took 2.5-3 hr. Families were compensated $75, $85, and $100 for W1 to W3, respectively. A brief telephone-administered audio-computer-assisted self-interview (CASI) was used at W4 to assess adolescent substance use. Adolescents received a $15 gift card for audio CASI completion. This study was approved by the University Institutional Review Board.
Measures
Alcohol use (W1-W4). Alcohol use was assessed using the National Youth Survey (Elliott & Huizinga, 1983) . Adolescents first reported whether they had ever consumed alcohol use with and without parental permission using two dichotomously scored items (yes/no). Drinking with parental permission at the ages of our assessments typically occurs in highly structured settings, where parents are supervising their children, such as family celebrations and religious ceremonies (Donovan & Molina, 2008) . Thus, alcohol use with parental permission for early adolescents represents a different phenomenon than drinking without parental permission. Accordingly, alcohol use was set to zero at each wave for adolescents who only reported lifetime alcohol use with parental permission. Next, adolescents reported on their past year alcohol use using two fill-in-the-blank items (Elliott & Huizinga, 1983) : frequency ("How many times in the past year have you used alcohol?") and typical quantity per drinking occasion ("On the days you drink alcohol, about how many drinks do you have") of alcohol use. Considering the low levels of use during early and middle adolescence (Miech et al., 2017) , participants were allowed to report quantities of alcohol use that were less than one standard drink (e.g., .25 or .50 standard drinks). A frequency-by-quantity index was computed, yielding the total number of drinks consumed in the past year. To reduce the influence of extreme values, outliers were corrected within each wave to Ϯ 3 standard deviations from the mean. This resulted in recoding one participant's value in W2, two participants' values in W3, and two participant's values in W4.
Single Category Implicit Association Test (W1-W3). A Single Category Implicit Association Test (SC-IAT; Karpinski & Steinman, 2006 ) was used to assess automatic alcohol associations. The SC-IAT was chosen over the widely used dual category IAT because although some attitude objects have a clear complement (e.g., studies of racial bias; Black-White), there is not a clear complement of alcohol use (Karpinski & Steinman, 2006) . The SC-IAT is a modification of the IAT (see Reich, Below, & Goldman, 2010 ) that requires participants to discriminate between an evaluative dimension (positive and negative words) and an object category (pictures of alcohol). Alcohol contexts often have both positive and negative cues that compete for attention (O'Connor, Lopez-Vergara, & Colder, 2012) , thus, the bivalent nature of evaluative dimensions in our SC-IAT ("positive" vs. "negative") provides ecological validity by reflecting real-life drinking contexts. Evaluative words were selected to be at a fourth-grade reading level and were presented auditorily to reduce lexical demands of the task. The task included two blocks, each consisting of 24 practice trials and 72 test trials. In one block, correct pairing included categorizing alcohol and negative words together on the same response key and positive words on a separate response key. Object/evaluative pairings were reversed for the other block. A full description of this task can be found in O'Connor, Lopez-Vergara, and .
Performance on the IAT does not solely reflect automatic alcohol associations (Conrey et al., 2005) . Conrey, Sherman, Gawronski, Hugenberg, and Groom (2005) developed the quadruple processing tree model (Quad Model) to parse out the multiple processes that contribute to performance on the IAT. These processes are the activation of automatic processes (AC), ability to determine a correct response (D), overcoming bias (OB), and guessing (G; Conrey et al., 2005) . The process of interest represents automatic activation association (AC) between the attitude category (e.g., alcohol) and the evaluative dimension (either posThis document is copyrighted by the American Psychological Association or one of its allied publishers.
itive or negative). This AC parameter represents the degree to which biased associations are activated and influence performance on the IAT, and hence are interpreted as the strength of automatic alcohol associations (higher values indicate a higher likelihood that the automatic association will be activated and influence behavior). The Quad Model is a multinomial processing tree model where each path of the Quad Model represents a predicted likelihood of making a correct/incorrect response based. For example, the probability of making a correct response (e.g., left key press) when alcohol use is presented during the incompatible block
. This formula sums the three possible ways in which a correct response can be made on the IAT. AC ϫ D ϫ OB represents that likelihood that implicit association is activated (AC), that the correct answer can be detected (D), and the implicit association is overcome in favor of controlled responding (OB). The second part of the equation, (1 Ϫ AC) ϫ D, is the likelihood that the association is not activated (1 Ϫ AC) and that the correct response can be deter-
is the likelihood that the association is not activated (1 Ϫ AC), the correct answer cannot be discriminated (1 Ϫ D), and that the participant guesses the left-hand response (1 Ϫ G; positive/alcohol). The conditional relationships in our SC-IAT task resulted in 10 such equations. Decomposing these various pathways through which a person can respond correctly on a trial of the IAT (left arrow press for positive/alcohol block) allows for a more accurate estimate of the process of interest, automatic alcohol associations (Gawronski & Bodenhausen, 2007; Gawronski, Lebel, & Peters, 2007) .
The Quad Model examines error rates across trials, in contrast to conventional scoring of the IAT, which examines RTs, to obtain estimates of the AC, D, OB, and G parameters. Error rates for our sample of early adolescents suggested that alcohol attitudes were predominantly negative, and therefore our Quad Model assessed automatically activated negative alcohol associations, AC negϩalc . Prior work has found that automatically activated negative alcohol associations as estimated in the Quad Model (the AC negϩalc parameter) were weaker among early adolescent drinkers compared to nondrinkers, and provided better discrimination between drinkers and nondrinkers than the traditional IAT D-score (O'Connor et al., 2012) . O'Connor et al. (2012) estimated the Quad Model at the aggregate group level (drinkers and nondrinkers), which does not allow for examining individual differences in strength of automatic alcohol associations. The Quad Model has been extended to individual rather than group level observed probabilities and output the negative automatic alcohol association parameter, AC negϩalc, for each participant at one of our waves of assessment (O'Connor & Colder, 2015) . In the current study, we follow the procedures of O' Connor and Colder (2015) to estimate the Quad Model for individual probabilities for three waves of data and output AC negϩalc to be used in subsequent analysis. This approach allowed us to model automatic alcohol associations for each individual in our sample. The SC-IAT was not administered at W4.
Traditional indices of internal consistency (e.g., Cronbach's alpha and split-half reliability) are not well suited for evaluating the Quad Model parameters because there are so few trials. We did evaluate test-retest reliability by examining correlations of the AC negϩalc parameter across time. The AC negϩalc parameter had cross-time correlations of r ϭ .36, p Ͻ .0001 and r ϭ .30, p Ͻ .0001 for W1 to W2 and W2 to W3, respectively. These cross-time correlations were higher than the cross-time correlations when using the traditional D-Score approach (r ϭ .20, p ϭ .0002 and r ϭ .20, p ϭ .0004 for W1 to W2, and W2 to W3, respectively). Furthermore, consistent with the argument that performance on the IAT does not solely reflect automatic alcohol associations, the D-score was significantly associated with OB at W2, r ϭ .29, p Ͻ .0001 and W3, r ϭ .20, p ϭ .0002 as well as D at W3, r ϭ Ϫ.11, p ϭ .04.
Analysis Plan
Analyses were conducted using Mplus Version 8.0 (Muthén & Muthén, 1998 for estimating the LCS models. To fit these models, we used maximum likelihood estimation with robust standard errors and numerical integration to fit robust chi-square and standard error estimates. FIML was used in Mplus to handle missing data. The Quad Model was estimated using R Version 3.2.1 packages MPTinR and snowfall.
Quadruple processing tree model. The first step in estimating the Quad Model is determining the dominant association (alcohol with positive words or alcohol with negative words) based on the pairing that produces the lower error rate (Beer et al., 2008) . Error rates were consistently higher when alcohol was paired with positive compared with negative words (W1: 10% vs. 8%; W2: 8% vs. 7%; W3: 7% vs. 6%, respectively). Accordingly, our Quad Model was based on alcohol use and negative word pairs as the "compatible" pairing, where the AC parameter of interest represented negative automatic alcohol associations (AC negϩalc ). The other processes were output and analyzed as potential covariates in the model. Next, we fit the Quad Model to estimate individual parameter estimates, and output the parameters for each participant.
LCS models. Initial inspection of the data revealed that alcohol use followed a non-normal distribution with a high proportion of zeroes as would be expected given the age of our sample. Rates of abstaining were 95.5%, 87.4%, 74.9%, and 72.1% for W1-W4, respectively. Due to the large number of zeroes, we fit a two-part model that included a binary portion representing whether alcohol use occurred, and a second part, a log-transformed continuous portion representing the amount of use conditioned on whether the participant drank in a given year. The log transformation did an adequate job of addressing the severe non-normality of our continuous alcohol use (W1-W4 alcohol use log transformed skew Ͻ1.40, kurtosis Ͻ1.45). Data for the binary portion of the model (likelihood of use) was coded 0 ϭ no use or 1 ϭ use at each wave. Data for the continuous portion (quantity by frequency [Q ϫ F] index of alcohol use) was coded as missing if no use was reported in a given year. Based on the two-part model described by Olsen and Schafer (2001) , the binary portion is modeled as a logit growth model representing change in the log odds of observing the response over time. The continuous portion is specified as an LCS model (Ferrer, Conger, & Robins, 2016) . Following the procedure outlined by Olsen and Schafer (2001) , the binary and continuous portions were first estimated separately, and then combined into a full two-part model. This document is copyrighted by the American Psychological Association or one of its allied publishers.
We then fit a univariate LCS model for the AC negϩalc parameter without alcohol use to test the fit of this model before combining it with the two-part alcohol for a full bivariate LCS model. Fitting the univariate LCS models separately in this stepwise fashion allowed us to characterize the nature of longitudinal change within each variable (Jajodia, 2012) . Nested model tests using the SattoraBentler method were not possible for a number of our models that do not provide 2 statistics (e.g., two-part growth models). Accordingly, we performed nested model tests using loglikelihood values (⌬G 2 ) to build the models and set parameter constraints. When models were non-nested, AIC and BIC were used to compare model fit. Gender (0 ϭ female, 1 ϭ male) and mean centered age were included as time-invariant covariates on alcohol use. Alcohol order for the SC-IAT, where positive words and alcohol paired for the first test block was coded as "0" and negative words and alcohol paired for the first test block was coded as "1," was included as a time-invariant covariate for AC negϩalc (O'Connor & Colder, 2015) . Table 1 presents descriptive information about the variables in our study. As expected rates of both quantity and frequency of alcohol use increased over early adolescence. At each wave, AC negϩalc was skewed and therefore, was log-transformed for the analyses. The AC negϩalc decreased over time, suggesting a weakening of automatic negative alcohol associations.
Results

Descriptive Analysis
Quad Model
Approximately 1%-2% of the trials at each wave for the SC-IAT were excluded from the analyses due to nonresponse. One participant at W1 was excluded with an extreme error rate of 41%. Data for a few participants were excluded for nonconvergence and nonidentifiability, due to zero error rate (one participant at W1, five participants at W2, and four participants at W3). This resulted in a final SC-IAT sample of 376, 342, and 338 for participants for W1-W3, respectively. The Quad Model was then fit to the individual error rate data.
Latent Change Score Models for Alcohol Use and Negative Automatic Associations
The results from the two-part bivariate LCS model are presented in Table 2 . The binary results for likelihood of alcohol use are presented under the heading "Binary alcohol use," the continuous amount of alcohol use part is presented under the heading "Logtransformed continuous alcohol use," and the negative automatic alcohol part is under "Log-transformed AC negϩalc. " Although the coefficients have not been transformed back to the original scale, for simplification the results will say "amount of alcohol use" instead of "log of amount of alcohol use" and "AC negϩalc " instead of "log of AC negϩalc ."
Change in alcohol use from early to middle adolescence. Several models were compared to model the form of growth in likelihood of alcohol use (linear growth, nonlinear growth, and quadratic growth) using nested model tests. The nonlinear growth model provided a significant improvement to the data relative to the linear model, ⌬G 2 ϭ 16.90(1), p Ͻ .0001. The quadratic model also provided a significant improvement in model fit relative to the linear model, ⌬G 2 ϭ 27.46(1), p Ͻ .0001. The quadratic and nonlinear models were non-nested (both models had equal degrees of freedom). The quadratic model produced a Heywood case (correlation Ͼ1.0), and therefore the nonlinear model was selected for binary model (slope loadings 0, 1, 2, last loading freely estimated to be 2.16, SE ϭ .15), even though the AIC and BIC suggested a slightly better fit for the quadratic relative to the nonlinear model (AIC: 936 vs. 939 and BIC: 959 vs. 955; ␣ ϭ 2.16, SE ϭ .15). The mean of the slope factor was 1.83 (SE ϭ .29), suggesting an increase in the log odds of alcohol use over time. The large threshold parameter 0D , which was constrained to be equal and estimated at 8.15 (SE ϭ 1.14), corresponds to a low likelihood of alcohol use. Continuous alcohol use model. Next, we specified the logtransformed continuous portion of alcohol use, amount of use, as a univariate LCS model. For LCS models, the measured value of each continuous variable at each specific time is modeled with two components, the continuous latent "true" score and a residual measurement error term. In order to satisfy the assumption of measurement invariance over time, the residual error variances were constrained to be equal across time. The stability parameters (autoregressions between the true scores, y [t-1] ) and the pathway from the change score dy t to its true score were fixed to 1 in order to meet model identification requirements (McArdle, 2009;  This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
McArdle & Grimm, 2010) . A person level intercept I y , representing individual differences in the starting point was estimated to be .07 (SE ϭ .22) with a variance of .05 (SE ϭ .03).
Standard univariate LCS models include two components that influence the LCS variables, a growth factor and autoregressive proportional change paths. The growth portion of the LCS model is similar to a conventional latent growth curve model but differs in that it models growth in the difference of alcohol use between adjacent time points (W1 and W2, W2 and W3, and W3 and W4). Autoregressive proportional change paths reflect whether an adolescent's level of drinking in a prior time point is related to the amount of change in drinking in the immediately subsequent time point (McArdle, 2009 ).
The first component, growth in the alcohol change scores, is modeled by a slope growth factor with a shaping parameter, ␣ yt , depicted in Figure 2 as latent growth factor S y . The slope loadings can take many forms, such as a constant change trend with loadings fixed to 1, 1, and 1 and a linear trend with loadings fixed to 0, 1, and 2. A constant change pattern of growth in an LCS model is equivalent to linear growth in a conventional latent growth curve model (constant rate of change) and linear loadings suggests that the change between adjacent time points increased linearly over time (McArdle, 2009) . Nested model tests comparing a constant change growth model, with all loadings fixed to 1 to a linear trend with loadings fixed to 0, 1, and 2 indicated that the linear trend provided a significant improvement to model fit (⌬G 2 ϭ 3.73(3), p Ͻ .0001). The mean slope was estimated as Ϫ.06 (SE ϭ .61) and the variance was estimated at .42 (SE ϭ .49). Both were nonsignificant; however, they were retained in the model for the two-part specification. The intercept and slope terms were significantly negatively correlated (Ϫ0.89), suggesting a higher alcohol level at W1 was associated with less steep increases in continuous alcohol use. Overall, results indicate that there were significant increases in the probability of alcohol use across W1 to W4, and also levels of alcohol use, but that the magnitude of the increases in levels of alcohol use, as reflected by the change scores between W1 and W2, W2 and W3, and W4, decrease modestly (rate of increase slowed over time).
The second component, autoproportions (␤ y ), or proportional change paths, are regression coefficients of the change score regressed on its true score at the previous time point. When the model supports these paths, it suggests that standing on alcohol use at the prior time point influences the rate of change in the subsequent time point. In the interest of parsimony, we tested to see if the pathways could be constrained to be equal over time, allowing for the same dynamics to be at play during all time periods (Jajodia, 2012) , and this was supported. The ␤ y coefficient was 1.37 (SE ϭ .08), indicating that high levels of prior alcohol use were associated with greater increases in alcohol use at the subsequent time point.
The final step in our univariate alcohol model was to combine the binary and continuous parts of the model to account for the high proportion of zeroes across W1-W4. In doing so, we allowed the growth factor from each part to be correlated (labeled in Table  2 as 0D,0y, 0D,sy, sD,sy ). The latent intercepts were significantly positively associated (covariance ϭ 0.51, p Ͻ .05). The slope factor covariance (binary slope with continuous slope) was not statistically significant (p Ͼ .10) and hence was set to 0.
Time-invariant covariates, age and gender, were specified to be related to the latent intercepts and slopes. Very few of these path coefficients were statistically significant. Gender (B ϭ 1.63, SE ϭ .34) and age (B ϭ 1.24, SE ϭ .49) were both significantly associated with the binary intercept, such that males and older adolescents were more likely to drink alcohol.
Change in negative automatic associations from early to middle adolescence. To examine change in negative automatic alcohol association, a univariate LCS model was specified similar to our continuous alcohol LCS model. Residual error variances were constrained to be equal and were statistically significant. The mean of the intercept was statistically significant ( 0x ϭ .04, SE ϭ .004) with statistically significant variance ( 0x 2 ϭ .002, SE ϭ .001). This suggests significant individual differences in negative alcohol associations at the first assessment.
The LCS model included only two change scores as the SC-IAT was only administered at W1-W3. First, we estimated the slope factor. Several specifications of the slope loadings were tested (e.g., constant change, linear change, nonlinear change). The constant change and linear change models were non-nested when This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
comparing growth of the univariate AC negϩalc LCS model, thus AIC and BIC were compared across models to determine the best fitting model. When comparing the AIC and BIC, the constant change model (slope loadings of 1 and 1) provided a better fit to the data compared to the linear growth model (slope loading of 0 and 1: AIC: Ϫ2,787 vs. Ϫ2,768 and BIC: Ϫ2,760 vs. Ϫ2,741). Whereas the AIC was lower in the nonlinear growth model relative to the constant change model, the BIC was lower in the constant change model (slope loadings of 1 and ‫ء‬ (freely estimated): AIC: Ϫ2,787 vs. Ϫ2,789 and BIC: Ϫ2,760 vs. Ϫ2,759). Considering the inconclusive evidence for selecting the constant change or nonlinear model based on the information criteria, additional fit indices were inspected to determine the shaping parameters for growth in AC negϩalc . The constant change model was selected for AC negϩalc because inspection of other fit indices indicated that whereas the constant change model had acceptable model fit (CFI ϭ .92, TLI ϭ .91, RMSEA ϭ .06) the nonlinear model did not (CFI ϭ .89, TLI ϭ .45, RMSEA ϭ .08; Marsh, Hau, & Wen, 2004) . The mean of the slope was negative and significant ( sx ϭ Ϫ0.01, SE ϭ .003) indicating a constant decline in AC negϩalc across time. That is, negative alcohol associations weakened over time. The variance of the slope was also significant with a magnitude of .001 (SE ϭ .000), suggesting individual differences in change in negative alcohol associations. The intercept and slope terms were negatively correlated (r ϭ Ϫ.93) suggesting that high AC negϩalc at W1 was associated with steeper declines. In this model, our proportional change paths (␤ x ) were not supported by nested tests (⌬G 2 (1) ϭ 2.06, p ϭ .15) and therefore, were set to 0. This suggests that strength of negative alcohol associations at a prior wave were not predictive of subsequent rate of change.
To control for order in which positive or negative words were paired with alcohol use on the IAT, the latent intercept and slope for AC negϩalc was regressed on the time-invariant covariate "alcohol order" for the IAT task. Alcohol order was associated with the intercept (B ϭ .03, SE ϭ .004), but not the slope (⌬G 2 (1) ϭ 1.212, p ϭ .27), hence this path to the slope factor was constrained to 0. The final LCS model for negative automatic alcohol associations is depicted in Figure 1 .
Reciprocal Associations Between Alcohol Use and Negative Automatic Associations
We then combined the two-part alcohol LCS model and the negative alcohol association LCS model in order to evaluate leadlag relationships (see Table 2 ). The final bivariate LCS model can be seen in Figure 2 . Covariances between the observed variables within wave were set equal across time (r ϭ Ϫ.01, p ϭ .25; McArdle, 2009) . For the bivariate model (Model A), both ␥ x and ␥ y were freely estimated, where ␥ x refers to the change in AC negϩalc at the subsequent wave regressed on the previous wave amount of alcohol use and ␥ y refers to the change in amount of alcohol use at the subsequent wave regressed on the previous wave AC negϩalc . For Model A, the equality constraint was supported for alcohol use predicting change in AC negϩalc (⌬G 2 (1) ϭ .25, p ϭ .62), but these paths were not statistically significant. Hence, there was no evidence that prior levels of alcohol use predicted subsequent change in AC negϩalc . The ␥ y were not supported to be equal (⌬G 2 (1) ϭ 7.76, p ϭ .005). Examination of the parameter estimates suggested that only the cross-lag from W1 AC negϩalc to the change in alcohol from W1 to W2 was different, and so this cross-lag was estimated separately. This constraint did not yield a decrement in model fit (⌬G 2 (1) ϭ .27, p ϭ .61) and so the crosses from AC negϩalc at W2 predicting change in alcohol use from W2 to W3, and from AC negϩalc at W3 predicting change in alcohol use from W3 to W4 were constrained to be equal in the final model. Weak negative alcohol associations were significantly associated with steeper increases in alcohol use at the later crosses (B ϭ Ϫ8.04, SE ϭ 3.79) after controlling for prior levels of alcohol use and growth in alcohol use. Negative automatic alcohol associations were not related to change in alcohol use from W1 to W2 (B ϭ 3.27, SE ϭ 2.11). To assess the magnitude of the effect of automatic alcohol associations on continuous alcohol use, levels of continuous alcohol use were computed for individuals with weak (25th percentile) and strong (75th percentile) negative automatic alcohol associations. Adolescents at the weak negative automatic alcohol associations at W2 had an increase of 1.09 drinks from W2 to W3 relative to 0.96 drinks for individuals with strong negative automatic alcohol associations. Adolescents with weak negative automatic alcohol associations at W3 had an increase of 13.44 drinks from W3 to W4 relative to 7.26 drinks for adolescents with strong negative automatic alcohol associations.
Discussion
According to Bandura's theory of reciprocal determinism, learning processes such as those involved in alcohol expectancies occur bidirectionally, with behavior informing learning of expectations for alcohol's effects, and experience with alcohol's effects guiding subsequent learning. Empirical studies testing such reciprocal processes have been scarce, and have been conducted mostly in young adult samples (Sher, Wood, Wood, & Raskin, 1996; Wardell & Read, 2013; Zamboanga, Horton, Leitkowski, & Wang, 2006) , with only a few examining reciprocal pathways between expectancies and alcohol involvement in adolescent samples (Colder et This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
al. Jester et al., 2015) . Only two studies, to our knowledge, have tested reciprocal associations with automatic alcohol associations from early to middle adolescence (Janssen et al., 2015; Peeters et al., 2013) . Though the Janssen et al. (2015) study found evidence that implicit alcohol cognitions influenced later drinking in their adolescent sample, neither study found drinking to exert a prospective influence on later implicit alcohol cognitions. These studies were not well suited to a test of bidirectional pathways, as both had only two time points.
In the present study, we built on this prior work, by examining reciprocal associations between automatic alcohol associations and alcohol behaviors across four waves of data spanning early to middle adolescence-a critical time for both alcohol initiation and the development of attitudes about drinking. We accomplished this using an LCS model, which is a significant improvement over past work as it allowed for simultaneous estimation of growth and cross-lagged associations. This allowed us to shed light on the previously inconclusive literature regarding the reciprocal influences between alcohol associations and alcohol use that is theorized by Social Learning Theory. Findings provide a depiction of the development of implicit beliefs about alcohol across adolescence, with only mixed support for a social learning conceptualization whereby drinking and automatic alcohol associations influence each other over time.
Adolescence is a critical period in which to study the development and influence of alcohol cognitions, as it is during this developmental period that drinking escalates. The finding that the probability of alcohol use and levels of alcohol among drinkers increased from W1 to W4 supports this, and is consistent with prior work with similar age ranges (Miech et al., 2017) . A strength of our modeling approach (two-part growth model) is that it accounts for the significant number of nondrinkers that is common in early adolescence.
Concurrent to the escalation in alcohol involvement, implicit alcohol associations also were changing; negative automatic alcohol associations decreased as youth matured into middle adolescence. There has been surprisingly little attention paid to the development of alcohol cognitions in adolescence (see Jester et al., 2015; Martino, Collins, Ellickson, Schell, & McCaffrey, 2006; see Colder et al., 2017 for some exceptions), and only one study has examined the development of automatic alcohol associations . This is an important contribution of the present work.
One might expect that the weakening of negative associations is a function of learning that has resulted from increased personal experiences with alcohol. Consistent with this idea, Goldberg, Halpern-Felsher, and Millstein (2002) found that negative consequences are rare in initial alcohol use episodes, and presumably such experiences would lead to weakening of negative alcohol associations. Yet, we did not see evidence that alcohol involvement predicted subsequent change in automatic alcohol associations as would be expected in such a learning process. This leaves open the question of what may be leading to changing alcohol attitudes over time. A myriad of psychosocial factors are likely involved in shaping implicit alcohol associations. One possibility is the social context, namely peers. Prior work suggests vicarious This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
learning about alcohol through hearing about or observing peer experiences can shape explicit attitudes about alcohol (Colder et al., 2017) . Peers may well exert a similar influence on the learning of implicit attitudes. Indeed, peer influence may be especially salient when adolescents themselves have only limited experience with alcohol. This is an intriguing possibility to be addressed in future research. In contrast, we did find evidence that weaker negative automatic alcohol associations predicted escalations in drinking. This is consistent with learning conceptualizations of alcohol cognitions as a critical pathway to drinking behavior (Goldman, 1999) and demonstrates for what we believe to be the first time, the importance of automatic alcohol associations for the development of drinking risk in adolescents. It is notable that the prediction of drinking by automatic negative alcohol associations was evident only in the later waves, as adolescents began to approach the transition to middle adolescence and as drinking becomes more normative. This speaks to the important role of the developmental and likely the environmental context as an important component of understanding the role of implicit cognitions; absent the right developmental period and perhaps a relevant social context, alcohol associations might be less powerful determinants of drinking behavior. Yet as adolescents mature, and they are exposed increasingly to drinking peers and to more positive attitudes toward drinking (e.g., normative perceptions), negative associations regarding alcohol may begin to diminish (Colder et al., 2017; Payne, Lee, Giletta, & Prinstein, 2016) , thus setting the stage for later drinking to occur.
Negative attitudes toward alcohol may also begin to diminish as parenting behaviors change with adolescence. Specifically, as adolescents gain more autonomy, parents may be less likely to communicate negative messages about alcohol and more likely to convey more permissive attitudes about alcohol (Zehe & Colder, 2014) . These changes may lead to decreases in negative implicit associations regarding alcohol and its effects.
We observed prospective paths from automatic alcohol cognitions to drinking only at the within-person level, a test that was made possible through the application of bivariate LCS models. Consistent with Colder et al. (2014) , we found no between-person effects of automatic alcohol associations predicting later alcohol involvement, even among older adolescents. As noted, much of the extant literature on these processes has focused only on betweenperson effects. Our examination of within-person processes is an important contribution of this work. Our findings also highlight the importance of considering the development of these implicit influences dynamically, as they change across time and underscores the importance of factors that influence these dynamic changes. Again, absent evidence of personal, experiential-based learning (i.e., no evidence of alcohol involvement prospectively associated with growth in implicit associations), the role of the social environment (e.g., peers, media portrayal, families) seems to be a likely candidate influencing the development of implicit beliefs about alcohol.
This study had limitations, which should be considered when interpreting our findings. The study design allowed only for the examination of year-to-year changes in drinking and drinkingrelated attitudes. Thus, though we were able to model complex associations between drinking and alcohol attitudes spanning across a broad span of adolescence, we could not model subtler shifts that may occur over briefer time periods. In particular, attitudes may change acutely following drinking occasions or alcohol-related consequences, and drinking changes may be more likely to occur when they are more temporally proximal to attitude changes (Collins, Logan, & Neighbors, 2010; Merrill, Read, & Barnett, 2013) . The exploration of more proximal associations between drinking and alcohol attitudes will be an important direction for future investigation.
In this study, we examined how alcohol involvement shapes the learning of alcohol associations, and how these associations, in turn, influence alcohol behavior, consistent with Social Learning Theory (Bandura, 1977) . However, we did not examine other factors posited by Social Learning Theory to be of importance. In particular, both theory and prior data suggest that features of the social context (peers, parents, media) may play an important role in shaping learning processes over time (Ennett et al., 2008; Martino et al., 2016; Preston & Goodfellow, 2006; Voogt et al., 2017; Wardell & Read, 2013) . Such influences were not examined in the present study in part because of the complexity of our models, and this remains a useful direction for future work.
Finally, reciprocal associations were examined between alcohol involvement and alcohol attitudes from early to middle adolescence. Findings from the present study may not generalize to other developmental periods, such as late adolescence or emerging adulthood.
Despite these limitations, this study sheds valuable light on how drinking and implicit alcohol attitudes unfold over the course of adolescence. Findings point to implicit alcohol attitudes as a potential target for intervention, one that becomes an increasingly salient influence on drinking as adolescence progresses.
